Background. Evidence-based guidelines are seen as an important instrument to transfer scientifically generated knowledge into daily clinical practice and to ensure high standards of clinical care. Despite wide promulgation, clinical guidelines so far have a limited impact on individual professional learning and on changing daily medical practice. Objectives. Our aims were (i) to study a potential knowledge increase among German GPs after implementation of web-and evidence-based guidelines and (ii) to identify and analyse potential barriers to individual professional learning with computerized guidelines.
Introduction
Like all other physicians, GPs have to cope with a rapidly growing amount of new medical knowledge. Apart from relevant and high-quality publications, they are confronted with an increasing amount of irrelevant and useless information. Sifting the chaff from the wheat is becoming a key competence for the individual learner. 1 Since clinical guidelines are, ideally, however, the current literature of successful implementation strategies can be summarized as 'not one size fits all'. 6 The medical knowledge network www.evidence.de of the University of Witten-Herdecke (North RhineWestphalia) in Germany, is a department within the Medical Faculty that uses web-and evidence-based guidelines as a major tool for knowledge transfer to a network of some 400 faculty members plus 120 GPs. Dissemination of guidelines mainly via the Internet was chosen because: (i) content can be adequately presented, interactively used and easily updated; (ii) individual communication may follow with the same medium via e-mail or a discussion forum; and (iii) the significance of the Internet as a platform of information and knowledge transfer and as a learning tool within the medical profession is growing. 8 This randomized controlled trial aimed to asses whether a web-based academic information platform can accelerate medical knowledge transfer and guideline implementation, if it is (i) accessible either on-or off-line (Internet/CD-ROM); (ii) introduced and explained by a peer physician; (iii) easy to use (plain algorithm, linked with corresponding text, references and patient information); and (iv) connected with the University.
The primary outcome for the first successful step towards implementation was the increase of individual medical knowledge regarding four clinical topics covered by web-and evidence-based guidelines. Usage of guidelines, quality rating and motives to use or not to use available guidelines were secondary outcomes.
Methods
From April until June 2001, 72 GPs (20.8% female, 79.2% male) of the academic teaching network of the University Witten-Herdecke answered a two-part questionnaire within this prospective, randomized trial. Power calculation of sample size was based on the assumption that at least five additionally correct answers were considered necessary for a significant and relevant knowledge gain.
The first part of the questionnaire consisted of 25 pre-tested multiple choice questions referring to four clinical topics covered by CPGs (dementia, congestive heart failure, urinary tract infection and prevention of colorectal carcinoma). These questions were designed as multiple choice questions and captured the major and relevant aspects of each guideline.
In February of 2001, all 120 GPs of the network had received a questionnaire regarding availability and use of a personal computer. Eighty-eight (73.3%) answered, out of which 78 (88.6%) had access to a PC with a CD-ROM drive or a PC with Internet access. No distinction was made between modem or ISDN access. All 78 practitioners with PC access were asked to participate in the study; 72 finally participated (see Fig. 1 ).
All practitioners used a Microsoft Windows ® or an Apple Macintosh ® System. Allocation numbers were associated with intervention and control groups by use of a computergenerated allocation schedule. To protect against unintended individual knowledge transfer between intervention and controls, participants were blockrandomized with regard to single or group practice.
Each practitioner was visited by a peer physician from the University in her/his office. During this visit, both the intervention (n = 38) and the control group (n = 34) answered the first part of the questionnaire (analysis Ia). Having answered the questionnaire and following a brief personal introduction to access and usage of the guidelines by the visiting physician (20 Ϯ 10 minutes), the intervention group was given access to the four weband evidence-based guidelines. There were two ways of using the guidelines: (i) a password-protected web site (access time 45 Ϯ 10 s depending on access via modem or ISDN); or (ii) a CD-ROM with the HTML files of the guidelines. The CD-ROM contained a small selfstarting Web Browser (Opera 3.61 ® ) opening the start site of the guidelines automatically in an off-line modus (access time 20 Ϯ 10 s depending on equipment). The guidelines consisted of four parts or levels, respectively: (i) an algorithm, serving as a condensed summary of the document; (ii) a full text version; (iii) a reference list; and (iv) a patient guideline.
These four levels were linked at relevant points, e.g. from a drug of interest, the user could 'click' directly onto the full text version including dosage, side effects and cost, and from there to the corresponding reference list including strength of evidence rating. In addition, guidelines were presented as PDF files on the web and on CD-ROM for simple print-outs of the guidelines.
The same multiple choice questions were repeated during individual visits after an average time interval of 70 days (analysis Ib) for both groups. Throughout the intervention phase, the intervention and control group were unaware of the fact that the same questions would be asked again.
Part two of the questionnaire analysed the reasons for using or not using the guidelines in the intervention group and in the control group after a second time interval of ~70 days, during which access to the guidelines was also permitted.
The second part (analysis II) was completed by 62 participants (35 of the intervention, 27 of the control group) and included a 5-point Likert scale regarding utilization, individual motives and perception of the guidelines.
Statistical analyses
A commercial software package (SPSS, SPSS Inc., Chicago, IL) was used for statistical analyses. Dependency of two or more categorical variables was analysed applying Fisher's exact test. Differences of the distributions of continuous variables in independent groups was analysed by applying the Mann-Whitney U-test.
Results

Baseline characteristics
Seventy-two GPs participated in this study. The baseline characteristics are shown in Table 1 . The median age of participants was 47 years (range 30-61); 20.8% were women. Intervention and control groups were well balanced with respect to baseline characteristics (age, sex, practice size and academic title based on scientific dissertation 'Dr med.').
All participating physicians had either Internet access (in practice or at home) or a computer with a CD-ROM. Twenty-nine (40.3%) of all physicians had Internet both in their practice and at home; 53 (73.6%) had a CD-ROM both in their practice and at home. Three (4.2%) physicians had no Internet access; one (1.4%) had no CD-ROM (Table 2) .
Part I: knowledge gain
This was assessed by the number of participants with knowledge increase between the intervention and control group (intention to treat) ( Table 3) . A slight difference between all intervention and control group participants remained non-significant when only those physicians of the intervention group (n = 22) were analysed who had actually used the guidelines (P = 0.50).
Equally, the percentage of participating physicians whose knowledge increased by Ͼ2 points (maximum 25 points) did not show any significant difference.
Part II: utilization and motives Users. Analysis of data from both the intervention and control group (n = 62) after 5 months (analysis II) showed that 23 (37.1%) had not used the guidelines, 14 (22.6%) had used them once, 24 (38.7%) 2-5 times and Learning with computerized guidelines in general practice? 185 Usage during daytime and practice hours (8 a.m. to 6 p.m.) was higher than during evening hours or at night (6 p.m. to 8 a.m.) (Table 4 ). Those physicians who had used the guidelines were asked about their motives for utilization with three pre-specified categories: unspecified 'curiosity', 'specific medical question' and 'sense of duty' (with respect to the group of researchers and the University). For 76% of all users, curiosity was a major motive to use the guidelines, 38% had a specific medical question which led to the use of the guidelines, and 26% indicated that they felt obliged to use the guidelines (Fig. 2) .
When asked to rate the overall quality, 80% of the participating and guidelines-using physicians gave a 'high grade' mark. Sixty-two per cent found them clearly arranged and understandable, 59% stated that the guidelines were helpful in daily practice, 51% thought they were helpful when counselling patients, 31% stated that their therapeutic decisions were influenced by the guidelines and 28% stated that they were quickly accessible. Non-users. Participating physicians who had not used the guidelines were also asked about their motives: 18 (78.3%) of the non-users (n = 23) stated that they had not found the time to do so. Five (21.7%) indicated that they had technical difficulties respecting access to the guidelines, one (4.3%) stated that he/she found it too complicated to use the guidelines, and one (4.3%) stated that he/she felt restricted in her/his therapeutic decisions.
Discussion
The efficient transfer of new and relevant research findings into daily clinical practice remains a major challenge. What could be helpful to physicians in their individual learning process regarding new and relevant scientific findings remains a key question.
Clinical guidelines are systematically developed tools to assist practitioner and patient decisions about FIGURE 2 Reasons for using the guidelines appropriate health care for specific clinical circumstances. 9 Expectations remain high that in combination with modern information technology, CPGs will play an important role as instruments for medical knowledge transfer. However, little is known about the successful process and factors that lead physicians to change and adapt their daily routine when they become aware of a guideline. While some general aspects are beginning to emerge, i.e. the relative efficiency of 'reminders', successful individual learning and guideline implementation will also depend on specific regional or local needs and preferences of physicians. 6 In this study, four web-and evidence-based guidelines were introduced by an academic department through peer presentation.
First of all, the lack of a significant knowledge increase is striking. Neither the intervention group as a whole nor the subgroup that had actually used the guidelines showed a significant knowledge increase. Although individual learning and knowledge transfer are only a first step towards clinical improvement, the intervention did not show any lasting impact.
These results are in line with recent rather unsuccessful interventions especially in combination with electronic resources. 10, 11 On the other hand, Shiffmann et al. in a systematic review found that in 14 of 18 studies about computer-based guideline implementation, guideline adherence improved with computer-based strategies. However, most of these studies focused on guidelines that were integrated in clinical information systems and only three studies had their focus on the primary care sector. 3 Two other studies found that the method of presentation (electronic or paper) did not have an impact on guideline utilization or physician decision making. 12, 13 Although the study by Bell and colleagues found that physicians working with computerized guidelines (versus content-equivalent printed versions) needed less time and were more satisfied with their learning, immediate and long-term post-test scores did not show a favourable comparative knowledge increase. 12, 13 Secondly, usage of guidelines in our study appeared relatively low during the intervention phase. More than a third of all participants had not used the guidelines, and only a small minority had used them regularly (Ͼ5 times). This result might be influenced by the limited number of guidelines (only four medical topics) and the rather short period of intervention (only 2.5 months). A broader spectrum of high quality and evidence-based guidelines and a longer time frame may expedite 'regular' use and implementation. The same problems/restrictions were described by Eccles and colleagues. 10, 11 Also, there was no systematic reminder of the option to use clinical guidelines during the intervention phase, i.e. a peer visit, telephone call or letter reminding physicians. Possibly, physicians need more than one contact or conversation to have their attention and curiosity raised to a level where they test a new option for their individual learning.
A potentially significant barrier to individual learning with web-based resources and guidelines appeared during discussions after the study period: several physicians indicated personal hesitation to use the web from their office, because personalized patient data unintentionally and illegally might become available to hackers/third parties during their 'on-line time'. However, we are not able to quantify these considerations and their impact on utilization of the web-based guidelines.
Thirdly, the combination of unspecific curiosity and a specific medical question as major motives to use the guidelines is encouraging. At least in this set of practitioners there was no major scepticism or negative attitude towards guidelines. This may indicate that the general acceptance of CPGs as information and quality improvement tools is growing.
Fourthly, the factor 'lack of time' in this study was an obvious 'roadblock' to more frequent utilization of webbased guidelines, especially when compared with other barriers such as technical difficulties or general reservations. Extrapolating from this finding, the successful implementation of a new information tool depends on its ability to generate quick and relevant answers in daily practice. 5, 14 Most of the participating physicians used the guidelines between 8 a.m. and 6 p.m., thus during regular office hours. In other words, Learning with computerized guidelines in general practice? 187 FIGURE 3 Reasons for not using the guidelines an electronic CPG that is not user friendly and, most of all, quickly accessible in practice will not work.
In general, however, the factor 'lack of time' as well as the increasing daily workload of GPs are issues beyond the scope of scientific guideline generation and presentation. 15 As long as continuous professional development remains a private issue of individual physicians without regulatory consequences nor any mechanisms to compensate for time invested and income lost, any educational intervention will have a limited effect. 4, 6, 7, 14 New regulations implemented by 1 January 2004 require mandatory continuous medical education (CME) from GPs in Germany, with lower levels of reimbursement if physicians fail to demonstrate their individual learning efforts.
Limitations
In addition to utilization barriers outlined by participating practitioners themselves (see Fig. 3 ), several aspects may have contributed to the negative outcome on individual learning and knowledge transfer:
(i) The intervention may have been too broad and non-specific by introducing extensive and evidence-based documents (CPGs) containing several levels rather than few and focused new findings. 
Conclusions
This study re-enforces the fact that passive diffusion of information alone, even if provided by modern and easily accessible technology, has limited or no influence on individual learning and guideline implementation. Our conclusions for future studies result from the abovedescribed limitations.
Since acceptance of evidence-based guidelines appears to be high in general and use of the Internet continues to grow rapidly among GPs, future studies on learning efficiency and guideline implementation should focus on aspects of practicality and adequate combinations of incentives, individual instruction to use web-based resources, quick access, security in routine daily use, financial incentives and practical and focused reminder systems.
Which combination, if any, works in real life is an open question. Many approaches and hypotheses need to be tested.
